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BACKHAUL ENHANCEMENTS FOR
COOPERATIVE MULTI-POINT (COMP)
OPERATIONS

CLAIM OF PRIORITY UNDER 35 U.S.C. §119

The present application for patent claims priority to U.S.
Provisional Application No. 61/527,475, entitled “BACK-
HAUL ENHANCEMENTS FOR COOPERATIVE MULTI-
POINT (COMP) OPERATIONS,” filed Aug. 25, 2011, and
assigned to the assignee hereof and hereby expressly incor-
porated by reference herein.

BACKGROUND

1. Field

Certain aspects of the disclosure generally relate to wire-
less communications and, more particularly, to techniques for
leveraging a backhaul link between base stations for Coop-
erative Multi-Point (CoMP) operations.

II. Background

Wireless communication networks are widely deployed to
provide various communication services such as voice, video,
packet data, messaging, broadcast, etc. These wireless net-
works may be multiple-access networks capable of support-
ing multiple users by sharing the available network resources.
Examples of such multiple-access networks include Code
Division Multiple Access (CDMA) networks, Time Division
Multiple Access (TDMA) networks, Frequency Division
Multiple Access (FDMA) networks, Orthogonal FDMA
(OFDMA) networks and Single-Carrier FDMA (SC-FDMA)
networks.

A wireless communication network may include a number
of base stations (BS) that can support communication for a
number of user equipments (UEs). A UE may communicate
with a base station via the downlink and uplink. The downlink
(or forward link) refers to the communication link from the
base station to the UE, and the uplink (or reverse link) refers
to the communication link from the UE to the base station.

A base station may transmit data and control information
on the downlink to a UE and/or may receive data and control
information on the uplink from the UE. On the downlink, a
transmission from the base station may observe interference
due to transmissions from neighbor base stations. On the
uplink, a transmission from the UE may cause interference to
transmissions from other UEs communicating with the neigh-
bor base stations. The interference may degrade performance
on both the downlink and uplink.

SUMMARY

Certain aspects of the present disclosure provide a method
for wireless communication by a first base station (BS). The
method generally includes making pre-scheduling decisions,
at the first BS, the pre-scheduling decisions involving selec-
tion of at least one of transmit beams or transmit power for
subsequent transmissions from the first base station, and
transmitting information regarding the pre-scheduling deci-
sions to at least one second BS for use in coordinating trans-
missions with transmissions from the first base station.

Certain aspects of the present disclosure provide an appa-
ratus for wireless communication. The apparatus generally
includes means for making pre-scheduling decisions involv-
ing selection of at least one of transmit beams or transmit
power for subsequent transmissions from a first base station,
and means for transmitting information regarding the pre-
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2

scheduling decisions to at least one second BS for use in
coordinating transmissions with transmissions from the first
base station.

Certain aspects of the present disclosure provide an appa-
ratus for wireless communication. The apparatus generally
includes at least one processor and a memory coupled to the
at least one processor. The at least one processor is generally
configured to make pre-scheduling decisions involving selec-
tion of at least one of transmit beams or transmit power for
subsequent transmissions from a first base station, and trans-
mit information regarding the pre-scheduling decisions to at
least one second BS for use in coordinating transmissions
with transmissions from the first base station.

Certain aspects of the present disclosure provide a com-
puter program product for wireless communication. The
computer program product generally includes a computer-
readable medium comprising code for making pre-schedul-
ing decisions involving selection of at least one of transmit
beams or transmit power for subsequent transmissions from a
first base station, and transmitting information regarding the
pre-scheduling decisions to at least one second BS for use in
coordinating transmissions with transmissions from the first
base station.

Certain aspects of the present disclosure provide a method
for wireless communication. The method generally includes
receiving information regarding pre-scheduling decisions
from a first base station (BS) at a second BS, and making
scheduling decisions at the second BS based at least on the
received pre-scheduling decisions to coordinate transmis-
sions from the second BS with transmissions from the first
BS.

Certain aspects of the present disclosure provide an appa-
ratus for wireless communication. The apparatus generally
includes means for receiving information regarding pre-
scheduling decisions from a first base station (BS) at a second
BS, and means for making scheduling decisions at the second
BS based at least on the received pre-scheduling decisions to
coordinate transmissions from the second BS with transmis-
sions from the first BS.

Certain aspects of the present disclosure provide an appa-
ratus for wireless communication. The apparatus generally
includes at least one processor and a memory coupled to the
at least one processor. The at least one processor is generally
configured to receive information regarding pre-scheduling
decisions from a first base station (BS) at a second BS, and
make scheduling decisions at the second BS based at least on
the received pre-scheduling decisions to coordinate transmis-
sions from the second BS with transmissions from the first
BS.

Certain aspects of the present disclosure provide a com-
puter program product for wireless communication. The
computer program product generally includes a computer-
readable medium comprising code for receiving information
regarding pre-scheduling decisions from a first base station
(BS) at a second BS, and making scheduling decisions at the
second BS based at least on the received pre-scheduling deci-
sions to coordinate transmissions from the second BS with
transmissions from the first BS.

Various aspects and features of the disclosure are described
in further detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram conceptually illustrating an
example of a wireless communications network in accor-
dance with certain aspects of the present disclosure.
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FIG. 2 is a block diagram conceptually illustrating an
example of a frame structure in a wireless communications
network in accordance with certain aspects of the present
disclosure.

FIG. 2A shows an example format for the uplink in Long
Term Evolution (LTE) in accordance with certain aspects of
the present disclosure.

FIG. 3 shows a block diagram conceptually illustrating an
example of a Node B in communication with a user equip-
ment device (UE) in a wireless communications network in
accordance with certain aspects of the present disclosure.

FIG. 4 illustrates an example timeline of coordinated beam
forming (CBF) between an aggressor macro node and a vic-
tim pico node, in accordance with certain aspects of the
present disclosure.

FIG. 5 illustrates example operations that may be per-
formed by an aggressor evolved node B (eNB), in accordance
with certain aspects of the present disclosure.

FIG. 6 illustrates example operations that may be per-
formed by a victim evolved node B (eNB), in accordance with
certain aspects of the present disclosure.

DETAILED DESCRIPTION

The techniques described herein may be used for various
wireless communication networks such as CDMA, TDMA,
FDMA, OFDMA, SC-FDMA and other networks. The terms
“network” and “system” are often used interchangeably. A
CDMA network may implement a radio technology such as
Universal Terrestrial Radio Access (UTRA), cdma2000, etc.
UTRA includes Wideband CDMA (WCDMA) and other
variants of CDMA. CDMA2000 covers 1S-2000, 1S-95, and
1S-856 standards. A TDMA network may implement a radio
technology such as Global System for Mobile Communica-
tions (GSM). An OFDMA network may implement a radio
technology such as Evolved UTRA (E-UTRA), Ultra Mobile
Broadband (UMB), IEEE 802.11 (Wi-Fi), IEEE 802.16
(WiMAX), IEEE 802.20, Flash-OFDM®, etc. UTRA and
E-UTRA are part of Universal Mobile Telecommunication
System (UMTS). 3GPP Long Term Evolution (LTE) and
LTE-Advanced (LTE-A) are new releases of UMTS that use
E-UTRA. UTRA, E-UTRA, UMTS, LTE, LTE-A and GSM
are described in documents from an organization named “3rd
Generation Partnership Project” (3GPP). CDMA2000 and
UMB are described in documents from an organization
named “3rd Generation Partnership Project 2” (3GPP2). The
techniques described herein may be used for the wireless
networks and radio technologies mentioned above as well as
other wireless networks and radio technologies. For clarity,
certain aspects of the techniques are described below for LTE,
and LTE terminology is used in much of the description
below.

Example Wireless Network

FIG. 1 shows a wireless communication network 100,
which may be an LTE network. The wireless network 100
may include a number of evolved Node Bs (eNBs) 110 and
other network entities. An eNB may be a station that commu-
nicates with user equipment devices (UEs) and may also be
referred to as a base station, a Node B, an access point, etc.
Each eNB 110 may provide communication coverage for a
particular geographic area. In 3GPP, the term “cell” can refer
to a coverage area of an eNB and/or an eNB subsystem
serving this coverage area, depending on the context in which
the term is used.
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An eNB may provide communication coverage for a macro
cell, a pico cell, a femto cell, and/or other types of cell. A
macro cell may cover a relatively large geographic area (e.g.,
several kilometers in radius) and may allow unrestricted
access by UEs with service subscription. A pico cell may
cover a relatively small geographic area and may allow unre-
stricted access by UEs with service subscription. A femto cell
may cover a relatively small geographic area (e.g., a home)
and may allow restricted access by UEs having association
with the femto cell (e.g., UEs in a Closed Subscriber Group
(CSG), UEs for users in the home, etc.). An eNB for a macro
cell may be referred to as a macro eNB (i.e., a macro base
station). An eNB for a pico cell may be referred to as a pico
eNB (i.e., apico base station). An eNB for a femto cell may be
referred to as a femto eNB (i.e., a femto base station) or a
home eNB. In the example shown in FIG. 1, eNBs 110a,
1105, and 110c¢ may be macro eNBs for macro cells 1024,
1024, and 102¢, respectively. eNB 110x may be a pico eNB
for a pico cell 102x. eNBs 110y and 110z may be femto eNBs
for femto cells 102y and 102z, respectively. An eNB may
support one or multiple (e.g., three) cells.

The wireless network 100 may also include relay stations.
A relay station is a station that receives a transmission of data
and/or other information from an upstream station (e.g., an
eNB or a UE) and sends a transmission of the data and/or
other information to a downstream station (e.g., 2 UE or an
eNB). A relay station may also be a UE that relays transmis-
sions for other UEs. In the example shown in FIG. 1, a relay
station 1107 may communicate with eNB 110a¢ and a UE 120~
in order to facilitate communication between eNB 110a and
UE 120r. A relay station may also be referred to as a relay
eNB, a relay, etc.

The wireless network 100 may be a heterogeneous network
(HetNet) that includes eNBs of different types, e.g., macro
eNBs, pico eNBs, femto eNBs, relays, etc. These different
types of eNBs may have different transmit power levels,
different coverage areas, and different impact on interference
in the wireless network 100. For example, macro eNBs may
have a high transmit power level (e.g., 20 watts) whereas pico
eNBs, femto eNBs, and relays may have a lower transmit
power level (e.g., 1 watt).

The wireless network 100 may support synchronous or
asynchronous operation. For synchronous operation, the
eNBs may have similar frame timing, and transmissions from
different eNBs may be approximately aligned in time. For
asynchronous operation, the eNBs may have different frame
timing, and transmissions from different eNBs may not be
aligned in time. The techniques described herein may be used
for both synchronous and asynchronous operation.

A network controller 130 may couple to a set of eNBs and
provide coordination and control for these eNBs. The net-
work controller 130 may communicate with eNBs 110 via a
backhaul. The eNBs 110 may also communicate with one
another, e.g., directly or indirectly via wireless or wireline
backhaul.

The UEs 120 may be dispersed throughout the wireless
network 100, and each UE may be stationary or mobile. AUE
may also be referred to as a terminal, a mobile station, a
subscriber unit, a station, etc. A UE may be a cellular phone,
apersonal digital assistant (PDA), a wireless modem, a wire-
less communication device, a handheld device, a laptop com-
puter, a cordless phone, a wireless local loop (WLL) station,
a tablet, etc. A UE may be able to communicate with macro
eNBs, pico eNBs, femto eNBs, relays, etc. In FIG. 1, a solid
line with double arrows indicates desired transmissions
between a UE and a serving eNB, which is an eNB designated
to serve the UE on the downlink and/or uplink. A dashed line
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with double arrows indicates interfering transmissions
between a UE and an eNB. For certain aspects, the UE may
comprise an LTE Release 10 UE.

LTE utilizes orthogonal frequency division multiplexing
(OFDM) on the downlink and single-carrier frequency divi-
sion multiplexing (SC-FDM) on the uplink. OFDM and SC-
FDM partition the system bandwidth into multiple (K)
orthogonal subcarriers, which are also commonly referred to
as tones, bins, etc. Each subcarrier may be modulated with
data. In general, modulation symbols are sent in the frequency
domain with OFDM and in the time domain with SC-FDM.
The spacing between adjacent subcarriers may be fixed, and
the total number of subcarriers (K) may be dependent on the
system bandwidth. For example, K may be equal to 128, 256,
512, 1024, or 2048 for system bandwidth of 1.25, 2.5, 5, 10,
or 20 megahertz (MHz), respectively. The system bandwidth
may also be partitioned into subbands. For example, a sub-
band may cover 1.08 MHz, and there may be 1, 2, 4, 8, or 16
subbands for system bandwidth of 1.25, 2.5, 5, 10, or 20
MHz, respectively.

FIG. 2 shows a frame structure used in LTE. The transmis-
sion timeline for the downlink may be partitioned into units of
radio frames. Each radio frame may have a predetermined
duration (e.g., 10 milliseconds (ms)) and may be partitioned
into 10 subframes with indices of O through 9. Each subframe
may include two slots. Each radio frame may thus include 20
slots with indices of 0 through 19. Each slot may include L.
symbol periods, e.g., =7 symbol periods for a normal cyclic
prefix (as shown in FIG. 2) or L=6 symbol periods for an
extended cyclic prefix. The 2L symbol periods in each sub-
frame may be assigned indices of 0 through 21.—1. The avail-
able time frequency resources may be partitioned into
resource blocks. Each resource block may cover N subcarri-
ers (e.g., 12 subcarriers) in one slot.

InLTE, an eNB may send a primary synchronization signal
(PSS) and a secondary synchronization signal (SSS) for each
cell in the eNB. The primary and secondary synchronization
signals may be sent in symbol periods 6 and 5, respectively, in
each of subframes 0 and 5 of each radio frame with the normal
cyclic prefix, as shown in FIG. 2. The synchronization signals
may be used by UEs for cell detection and acquisition. The
eNB may send a Physical Broadcast Channel (PBCH) in
symbol periods 0 to 3 in slot 1 of subframe 0. The PBCH may
carry certain system information.

The eNB may send a Physical Control Format Indicator
Channel (PCFICH) in the first symbol period of each sub-
frame, as shown in FIG. 2. The PCFICH may convey the
number of symbol periods (M) used for control channels,
where M may be equal to 1, 2, or 3 and may change from
subframe to subframe. M may also be equal to 4 for a small
system bandwidth, e.g., with less than 10 resource blocks.
The eNB may send a Physical HARQ Indicator Channel
(PHICH) and a Physical Downlink Control Channel (PD-
CCH) in the first M symbol periods of each subframe (not
shown in FIG. 2). The PHICH may carry information to
support hybrid automatic repeat request (HARQ). The
PDCCH may carry information on resource allocation for
UEs and control information for downlink channels. The eNB
may send a Physical Downlink Shared Channel (PDSCH) in
the remaining symbol periods of each subframe. The PDSCH
may carry data for UEs scheduled for data transmission on the
downlink. The various signals and channels in LTE are
described in 3GPP TS 36.211, entitled “Evolved Universal
Terrestrial Radio Access (E-UTRA); Physical Channels and
Modulation,” which is publicly available.

The eNB may send the PSS, SSS, and PBCH in the center
1.08 MHz of the system bandwidth used by the eNB. The

10

15

20

25

30

35

40

45

50

55

60

65

6

eNB may send the PCFICH and PHICH across the entire
system bandwidth in each symbol period in which these chan-
nels are sent. The eNB may send the PDCCH to groups of
UEs in certain portions of the system bandwidth. The eNB
may send the PDSCH to specific UEs in specific portions of
the system bandwidth. The eNB may send the PSS, SSS,
PBCH, PCFICH, and PHICH in a broadcast manner to all
UEs, may send the PDCCH in a unicast manner to specific
UEs and may also send the PDSCH in a unicast manner to
specific UEs.

A number of resource elements may be available in each
symbol period. Each resource element may cover one subcar-
rier in one symbol period and may be used to send one
modulation symbol, which may be a real or complex value.
Resource elements not used for a reference signal in each
symbol period may be arranged into resource element groups
(REGs). Each REG may include four resource elements in
one symbol period. The PCFICH may occupy four REGs,
which may be spaced approximately equally across fre-
quency, in symbol period 0. The PHICH may occupy three
REGs, which may be spread across frequency, in one or more
configurable symbol periods. For example, the three REGs
for the PHICH may all belong in symbol period 0 or may be
spread in symbol periods 0, 1, and 2. The PDCCH may
occupy 9, 18,32, or 64 REGs, which may be selected from the
available REGs, in the first M symbol periods. Only certain
combinations of REGs may be allowed for the PDCCH.

A UE may know the specific REGs used for the PHICH and
the PCFICH. The UE may search different combinations of
REGs for the PDCCH. The number of combinations to search
is typically less than the number of allowed combinations for
the PDCCH. An eNB may send the PDCCH to the UE in any
of the combinations that the UE will search.

FIG. 2A shows an exemplary format 200A for the uplink in
LTE. The available resource blocks for the uplink may be
partitioned into a data section and a control section. The
control section may be formed at the two edges of the system
bandwidth and may have a configurable size. The resource
blocks in the control section may be assigned to UEs for
transmission of control information. The data section may
include all resource blocks not included in the control section.
The design in FIG. 2A results in the data section including
contiguous subcarriers, which may allow a single UE to be
assigned all of the contiguous subcarriers in the data section.

A UE may be assigned resource blocks in the control
section to transmit control information to an eNB. The UE
may also be assigned resource blocks in the data section to
transmit data to the eNB. The UE may transmit control infor-
mation in a Physical Uplink Control Channel (PUCCH) 210a,
2105 on the assigned resource blocks in the control section.
The UE may transmit only data or both data and control
information in a Physical Uplink Shared Channel (PUSCH)
220a, 2205 on the assigned resource blocks in the data sec-
tion. An uplink transmission may span both slots of a sub-
frame and may hop across frequency as shown in FIG. 2A.

A UE may be within the coverage of multiple eNBs. One of
these eNBs may be selected to serve the UE. The serving eNB
may be selected based on various criteria such as received
power, pathloss, signal-to-noise ratio (SNR), etc.

A UE may operate in a dominant interference scenario in
which the UE may observe high interference from one or
more interfering eNBs. A dominant interference scenario
may occur due to restricted association. For example, in FIG.
1, UE 120y may be close to femto eNB 110y and may have
high received power for eNB 110y. However, UE 120y may
not be able to access femto eNB 110y due to restricted asso-
ciation and may then connect to macro eNB 110c¢ with lower
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received power (as shown in FIG. 1) or to femto eNB 110z
also with lower received power (not shown in FIG. 1). UE
120y may then observe high interference from femto eNB
110y on the downlink and may also cause high interference to
eNB 110y on the uplink.

A dominant interference scenario may also occur due to
range extension, which is a scenario in which a UE connects
to an eNB with lower pathloss and lower SNR among all
eNBs detected by the UE. For example, in FIG. 1, UE 120x
may detect macro eNB 1105 and pico eNB 110x and may
have lower received power for eNB 110x than eNB 11054.
Nevertheless, it may be desirable for UE 120x to connect to
pico eNB 110x if the pathloss for eNB 110x is lower than the
pathloss for macro eNB 1105. This may result in less inter-
ference to the wireless network for a given data rate for UE
120x.

In an aspect, communication in a dominant interference
scenario may be supported by having different eNBs operate
on different frequency bands. A frequency band is a range of
frequencies that may be used for communication and may be
given by (i) a center frequency and a bandwidth or (ii) a lower
frequency and an upper frequency. A frequency band may
also be referred to as a band, a frequency channel, etc. The
frequency bands for different eNBs may be selected such that
a UE can communicate with a weaker eNB in a dominant
interference scenario while allowing a strong eNB to com-
municate with its UEs. An eNB may be classified as a “weak”
eNB or a “strong” eNB based on the received power of signals
from the eNB received at a UE (and not based on the transmit
power level of the eNB).

According to certain aspects of the present disclosure,
when a network supports enhanced inter-cell interference
coordination (eICIC), the base stations may negotiate with
each other to coordinate resources in order to reduce or elimi-
nate interference by the interfering cell giving up part of its
resources. In accordance with this interference coordination,
a UE may be able to access a serving cell even with severe
interference by using resources yielded by the interfering cell.

For example, a femto cell with a closed access mode (i.e.,
in which only a member femto UE can access the cell) in the
coverage area of an open macro cell may be able to create a
“coverage hole” (in the femto cell’s coverage area) for a
macro cell by yielding resources and effectively removing
interference. By negotiating for a femto cell to yield
resources, the macro UE under the femto cell coverage area
may still be able to access the UE’s serving macro cell using
these yielded resources.

In a radio access system using OFDM, such as Evolved
Universal Terrestrial Radio Access Network (E-UTRAN), the
yielded resources may be time based, frequency based, or a
combination of both. When the coordinated resource parti-
tioning is time based, the interfering cell may simply not use
some of the subframes in the time domain. When the coordi-
nated resource partitioning is frequency based, the interfering
cell may yield subcarriers in the frequency domain. With a
combination of both frequency and time, the interfering cell
may yield frequency and time resources.

FIG. 3 is a block diagram of a design of a base station or an
eNB 110 and a UE 120, which may be one of the base
stations/eNBs and one of the UEs in FIG. 1. For a restricted
association scenario, the eNB 110 may be macro eNB 110c in
FIG. 1, and the UE 120 may be UE 120y. The eNB 110 may
also be a base station of some other type. The eNB 110 may
be equipped with T antennas 3344 through 334¢, and the UE
120 may be equipped with R antennas 352a through 3527,
where in general T=1 and R=1.
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At the eNB 110, a transmit processor 320 may receive data
from a data source 312 and control information from a con-
troller/processor 340. The control information may be for the
PBCH, PCFICH, PHICH, PDCCH, etc. The data may be for
the PDSCH, etc. The transmit processor 320 may process
(e.g., encode and symbol map) the data and control informa-
tion to obtain data symbols and control symbols, respectively.
The transmit processor 320 may also generate reference sym-
bols, e.g., for the PSS, SSS, and cell-specific reference signal.
A transmit (TX) multiple-input multiple-output (MIMO)
processor 330 may perform spatial processing (e.g., precod-
ing) on the data symbols, the control symbols, and/or the
reference symbols, if applicable, and may provide T output
symbol streams to T modulators (MODs) 332a through 332+
Each modulator 332 may process a respective output symbol
stream (e.g., for OFDM, etc.) to obtain an output sample
stream. Each modulator 332 may further process (e.g., con-
vert to analog, amplify, filter, and upconvert) the output
sample stream to obtain a downlink signal. T downlink sig-
nals from modulators 332a through 332¢ may be transmitted
via T antennas 334a through 334z, respectively.

At the UE 120, antennas 3524 through 3527 may receive
the downlink signals from the eNB 110 and may provide
received signals to demodulators (DEMODs) 3544a through
354r, respectively. Each demodulator 354 may condition
(e.g., filter, amplify, downconvert, and digitize) a respective
received signal to obtain input samples. Each demodulator
354 may further process the input samples (e.g., for OFDM,
etc.) to obtain received symbols. A MIMO detector 356 may
obtain received symbols from all R demodulators 354a
through 3547, perform MIMO detection on the received sym-
bols, if applicable, and provide detected symbols. A receive
processor 358 may process (e.g., demodulate, deinterleave,
and decode) the detected symbols, provide decoded data for
the UE 120 to a data sink 360, and provide decoded control
information to a controller/processor 380.

On the uplink, at the UE 120, a transmit processor 364 may
receive and process data (e.g., for the PUSCH) from a data
source 362 and control information (e.g., for the PUCCH)
from the controller/processor 380. The transmit processor
364 may also generate reference symbols for a reference
signal. The symbols from transmit processor 364 may be
precoded by a TX MIMO processor 366 if applicable, further
processed by modulators 354a through 354 (e.g., for SC-
FDM, etc.), and transmitted to the eNB 110. At the eNB 110,
the uplink signals from the UE 120 may be received by the
antennas 334, processed by the demodulators 332, detected
by a MIMO detector 336 if applicable, and further processed
by a receive processor 338 to obtain decoded data and control
information sent by the UE 120. The receive processor 338
may provide the decoded data to a data sink 339 and the
decoded control information to the controller/processor 340.

The controllers/processors 340 and 380 may direct the
operation at the eNB 110 and the UE 120, respectively. The
controller/processor 340, receive processor 338, and/or other
processors and modules at the eNB 110 may perform or direct
operations and/or processes for the techniques described
herein. The memories 342 and 382 may store data and pro-
gram codes for the eNB 110 and the UE 120, respectively. A
scheduler 344 may schedule UEs for data transmission on the
downlink and/or uplink.

Coordinated Multi-Point (CoMP) Transmission and
Reception

In a multi-cell configuration, a UE (e.g., UE 120) may
communicate with multiple base stations or cells (e.g., base
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stations 110) simultaneously to transmit and/or receive data.
Inone aspect, amulti-cell configuration may be a coordinated
multi-point (CoMP) configuration wherein joint processing
and/or coordinated scheduling (CS)/coordinated beamform-
ing (CBF) may employed. For example, in a joint processing
CoMP configuration on the downlink, physical downlink
shared channel (PDSCH) data (e.g., downlink user data) may
be available at multiple points. PDSCH transmissions may be
joint transmissions in which PDSCH data is transmitted from
multiple points. In addition, PDSCH transmission may be
based upon a dynamic cell selection scheme in which PSDCH
data is transmitted from one point at a given time.

For example, turning to FIG. 1, ajoint processing downlink
CoMP configuration may be implemented by a CoMP coop-
erating set including macro eNB 1104 and pico eNB 110x
serving UE 120x. The CoMP cooperating set generally
includes a plurality of cells or base stations (e.g. macro, pico,
femto etc.), potentially geographically separated, which
coordinate to provide wireless communication services to a
UE. In an example, eNBs 1105 and 110x may coordinate to
jointly transmit downlink data to UE 120x. In another
example, eNBs 1105 and 110x may coordinate such that the
base station having the greatest instantaneous channel quality
transmits downlink data to UE 120x.

eNBs 11056 and 110x may further coordinate to implement
scheduling and/or beamforming decisions. For instance,
downlink data for UE 120x may be available at the UE’s
serving cell (e.g. pico cell 102x), however, scheduling deci-
sions impacting UE 120x account for information provided
by other members of the CoMP cooperating set, such as eNB
1105. eNB 110x may schedule UE 120x to avoid potential
downlink interference from transmissions in non-serving cell
1026 and/or eNB 110x may suppress transmissions in the
non-serving cell 10256 based upon information provided by
eNB 11054 via a backhaul link (not shown) between the eNBs
1105 and 110x.

It is to be appreciated that CoMP techniques may be
applied on uplink transmissions in addition to downlink
transmissions. For instance, eNBs 1105 and 110x may coor-
dinate to receive uplink transmissions from UE 120x in a joint
manner. In an example, eNBs 1105 and 110x may receive an
uplink data packet from the UE 120x. Both eNBs 1105 and
110x may independently attempt to demodulate and decode
the uplink packet. eNB 1105 and/or eNB 110x may exchange
decoded data packets and employ packet combining to
improve reliable reception of the uplink packet. In another
aspect, eNBs 1105 and 110x may exchange information via
the backhaul link, wherein the exchanged information may be
utilized to enhance scheduling decisions. For example, UE
120x may reside at a cell edge between serving cell 102x and
non-serving cell 1025. eNB 1105 may provide information
regarding UEs within the non-serving cell 1025 and in prox-
imity to UE 120x. eNB 110x may utilize the information to
schedule UE 120x on the uplink such that interference
to/from neighboring cells is reduced.

To support CoMP operations, UE 120x may report feed-
back information to members of a CoMP reporting set. The
CoMP reporting set may include all members of the CoMP
cooperating set or a portion thereof. The feedback informa-
tion may include channel state information (CSI), and/or
sounding reference signals which may be utilized for uplink
scheduling and/or channel estimation via channel reciprocity.
In accordance with an aspect, sounding reference signal
transmissions may be configured with a set of parameters and
transmit power may be controlled such that the sounding
reference signal is received by members of a CoMP cooper-
ating set with a reasonable carrier-to-interference ratio.
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10
Example Backhaul Enhancements for Cooperative
Multi-Point (COMP) Operations

In certain aspects, performance of a UE at cell edges may
be significantly improved through downlink CoMP in which
multiple nodes (or base stations/eNBs) cooperate for serving
a UE. In a coordinated scheduling (CS) and coordinated
beam-forming (CBF), only the serving cell has the data pack-
ets for the UE. CS and CBF generally involve suitable UE
selection by a base station, beam selection, power control (for
example, Boolean, wherein interferer is transmitting using
full power or silenced on some resources), and improved link
adaptation.

Aspects of the present disclosure provide methods for
feedback enhancements for CS/CBF schemes. A “victim” BS
(e.g., pico in a macro-pico scenario) may make scheduling
decisions conditioned on one or more interfering “aggressor”
BSs (e.g., macros). Namely, a victim BS may implicitly or
explicitly know the scheduling decisions (e.g., beams and
transmission powers) of neighboring aggressor BSs and may
take this information into considering when coordinating
beamformed transmissions with neighbor BSs.

In certain aspects, all or a subset of nodes make scheduling
decisions prior to transmission. Generally, interference expe-
rienced by a UE depends on transmission powers and beams
employed by interferers. The UE periodically reports CSI (or
CQI), which reflects scheduling decisions (e.g., transmission
powers and beams) of interfering, neighbor cells. The UE
may determine CSI based on data or reference signals (RS)
(e.g., CSI-RS) transmitted by the interferers on resource ele-
ments (REs). However, the interference experienced by the
UE may be unpredictable as interfering cells may change
beams and transmit power on a transmission time interval
(TTI) basis. This may create a mismatch in the reported CSI
based on RS, and the actual interference experienced during
data transmissions (e.g. PDSCH data transmissions) due to
the one or more interferers changing beams and/or transmis-
sion powers for transmission.

A more accurate knowledge of interference at the time of
transmission by a serving BS (e.g., estimated interference
matches actual interference at the time of the transmission)
may increase performance. Increased performance may
occur due to improved beam selection, link adaption, and
multiuser diversity (MUD) gain. For example, a more accu-
rate knowledge of interference experienced at a UE by one or
more neighbor base stations may improve a UE’s CSI esti-
mate. Additionally, a more accurate knowledge of interfer-
ence may allow beam selection such that the transmit signal
from the serving BS and interference from the neighbor base
stations are orthogonal.

In certain aspects, one or more aggressor BSs (e.g., aggres-
sor macros) may take scheduling decisions (or pre-schedul-
ing decisions) in advance (e.g., X ms in advance) of an actual
transmission based on the scheduling decisions. For example,
an aggressor BS may select transmission beam and transmis-
sion power for a future transmission x ms later using the
selected transmission beam and transmission power. In an
aspect, the scheduling decisions may apply to multiple sub-
frames in the future. The aggressor may transmit reference
signals (e.g., CSI-RS) using the selected transmission beam
and transmission power for CSI reporting by CoMP UEs. In
an aspect, each victim BS (e.g. victim pico) may take sched-
uling decisions based on the aggressor’s scheduling decisions
and/or CSIreported by the UEs served by the victim BS. Inan
aspect, the x ms time may be selected to account for the time
taken by a UE to estimate and report CSI based on received
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CSI-RS from an aggressor, time taken by the victims to
decode the reported CSIs from CoMP UEs, CSI-RS reporting
periodicity etc.

FIG. 4 illustrates an example timeline 400 of coordinated
beam forming (CBF) between an aggressor macro node and a
victim pico node. For illustrative purposes only, the example
assumes a 5 ms CSI reporting periodicity from CoMP UEs
and 5 ms CSI-RS transmission periodicity from the macro
node. The macro node makes scheduling decisions every 5
ms. For example, the macro node makes scheduling decisions
at subframe n (n+5, n+10, etc.). At subframe n+1 (n+6, n+11,
etc.), the macro node transmits CSI-RS on pre-determined
REs, for example, using beams and transmission power
selected at step 1. UEs served by the pico, may then calculate
Channel Quality Indicator (CQI) (based on CSI-RS at step 2)
and report to the pico at subframe n+5 (n+10, etc.). Subse-
quently, the macro node B may transmit data (e.g., PDSCH
data) according to the scheduling decisions made at subframe
n, carried out at time n+9 to n+13. The pico node may make
scheduling decisions based on the reported CQI and/or pre-
scheduling information from the macro node, and transmit at
time n+9 to n+13 (persistency is not required), for example,
with beams selected to account for the beams selected by the
macro node.

In certain aspects, the macro node may transmit informa-
tion regarding the pre-scheduling decisions to the pico node
(e.g., via a backhaul link). The information may include all
information required by the destination pico node to deter-
mine interference caused by the source macro node to UEs
served by the destination pico node. The information regard-
ing the pre-scheduling may comprise at least one of a down-
link transmission power, a transmit beam, a transmission
rank, and time-frequency resources these decisions refer to.
In an aspect, the pico node may take scheduling decisions
based on the received pre-scheduling information and/or CSI
reported by served UEs.

In some cases, the pre-scheduling decisions (e.g., transmit
beams and powers) may be constant across sets of N consecu-
tive physical resource blocks (PRBs), wherein N is a PRB
bundling size. Thus, the interference may change slowly
across those PRBs, for example, only due to frequency-se-
lecting fading. In an aspect, the pre-scheduling information
transmitted from the macro node to the pico node may include
the PRB bundling size N.

In certain aspects, the serving pico may pass on the infor-
mation regarding the PRB bundling size N to its served UEs
(e.g., via a Radio Resource Control (RRC) Information Ele-
ment (IE)), which may use this information to determine
interference. For example, the UE may use the information to
decide how many consecutive PRBs to average when estimat-
ing interference. In an aspect, if a UE has multiple aggressors
and each of them is using a different PRB bundling size, the
RRC message may include a list of bundling sizes (optionally
with cell IDs of corresponding aggressor cells). Alternatively,
the serving cell may select one common value, for example,
the minimum among the bundling sizes used by most domi-
nant aggressors for that UE. In a further aspect, the PRB
bundling sizes of neighboring nodes may be selected such
that the bundling is substantially the same for the nodes. The
PRB bundling may be selected via backhaul negotiation
between the neighboring nodes.

In an aspect, the larger is the N, the better may be the
interference estimate at the UEs. However, a larger N may
entail performance degradation for the aggressor BSs,
depending on number of UEs, transmission mode, traffic,
frequency selectivity of the channel etc.
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An aggressor node (e.g., macro node) may independently
decide its PRB bundling size N and inform the neighboring
victim nodes (e.g., pico nodes). The macro node may also
receive information from the at least one other BS (e.g.,
victim pico node) and select the PRB bundling size N based
on the information received from the at least one other BS.
The information received from the at least one other BS may
comprise at least one of active CoMP UEs and an expected
interference estimation accuracy for the active CoMP UEs.

In certain aspects, the victim picos may forward (e.g., viaa
backhaul link) the CSIs reported by their respective served
UEs to the aggressor node(s). The CSI may be used by an
aggressor node to determine the UEs associated to a victim
node, that are affected (e.g., in terms of interference) by the
aggressornode. In an aspect, only those UEs taking part in the
CoMP configuration, for example, which reported CSI from
the aggressor even though connected with the victim, may be
considered for CSI forwarding. The UEs considered for CSI
forwarding may include all RRC_connected UEs, scheduled
UEs (e.g., if the CSI forwarding message is transmitted along
with scheduling information of the victim node), or a subset
of UEs (e.g., selected in round-robin fashion).

In an aspect, the encoding used to forward the CSIs may be
same as for over-the-air (OTA) CSI reporting from a UE to
eNB. The frequency granularity of the CSI forwarding mes-
sages may also be same as for the OTS CSI reporting. In an
aspect, if backhaul capacity is a concern, only a subset of
subbands may be reported. The time granularity for the CSI
forwarding messages may be per transmission time interval
(TTI), for example, if the CSI forwarding message is trans-
mitted along with scheduling information of the victim node.
Alternatively, the time granularity may be periodic, wherein
the periodicity may depend on CSI speed of change. The
periodicity may also depend on periodicity for OTS CSI
reporting.

In certain aspects, a special beamformed CSI-RS (e.g.,
RQI-RS) configuration may be used for CSI estimation by
victim UEs. This special CSI-RS configuration may be shared
among the BSs, for example via a backhaul link between the
BSs. In an aspect, at the first transmission of such CSI-RS
after pre-scheduling by an aggressor macro node, the macro
node may transmit a pseudo-random sequence on the CSI-RS
REs according to the beams and transmission powers selected
by the pre-scheduling macro node. The victim UEs may use
these REs to estimate interference from the macro node.

In certain aspects, certain nodes in a CoMP configuration
may behave both as victim and aggressor nodes. For example,
a pico node may be an aggressor to another pico node (e.g.,
inter-pico interference), and a victim for another pico or
macro node. In inter-pico interference scenarios, the interfer-
ence estimated by a UE associated to a pico node may need to
include interference from neighbor pico nodes as well (be-
sides interference from aggressor macro nodes). This may be
accomplished by using different muted CSI-RS patterns for
neighboring nodes. Generally, serving cell does not transmit
on certain REs corresponding to a particular muted CSI-RS
patterns, while all other cells are transmitting. So the UE
associated to the serving cell may determine the interference
from all the interferers based on the beams and the TX powers
used by them. The rationale typically is that the energy on the
muted tones captures as much of the overall interference as
possible (ideally, from all nodes except the serving node). In
an aspect, adjacent nodes may mute on different CSI-RS
configurations.

However, in certain aspects, only a finite set of CSI-RS
configurations are available. Thus, CSI-RS configurations
may be re-used. In an aspect, a static coloring through opera-
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tion and maintenance (OAM) may be used, such that neigh-
boring nodes mute on different CSI-RS configurations. Alter-
natively, autonomous coloring via X2 negotiation (e.g., via
backhaul links between nodes) may be used to select different
muted CSI-RS configurations for neighboring nodes. In an
aspect, information exchange between nodes may include
presence/absence of CoMP UEs and Reference Signal
Received Power (RSRP) reported by CoMP UEs from non-
serving cells (e.g. non-serving pico cells to determine impact
of pico interference). Based on this information, each node
may build an interference graph for the UEs and may selectan
appropriate CSI-RS configuration and inform the configura-
tion to other nodes (e.g., via the backhaul links).

In certain aspects, if an aggressor node has delay-sensitive
traffic, it may decide to set aside some non-CoMP resources
(e.g., in the frequency and/or time domain) where scheduling
may be instantaneous. Such resources may be used to sched-
ule delay-sensitive traffic. The victim nodes may need to
know whether and which resources used by the aggressor
node is non-CoMP. In certain aspects, each aggressor node
may define a resource assignment including CoMP and non-
CoMP resources and inform victim nodes of the resource
assignment, for example, via backhaul links between the
aggressor node and the victim nodes. In an aspect, the aggres-
sor node may receive information from one or more victim
nodes and use the received information for defining the
resource assignment. The information may include number of
CoMP active UEs and average loading on CoMP resources.
In an aspect, the resource assignment may adaptively be
changed, for example, based on the information received
from the victim nodes.

FIG. 5 illustrates example operations 500 that may be
performed by an aggressor evolved node B (eNB) in accor-
dance with certain aspects of the disclosure. The operations
500 may begin, at 502, by making pre-scheduling decisions,
at a first base station (BS), the pre-scheduling decisions
involving selection of at least one of transmit beams or trans-
mit power for subsequent transmissions from the first base
station. At 504, information regarding the pre-scheduling
decisions may be transmitted to a second base station for use
in coordinating transmissions with transmissions from the
first base station.

FIG. 6 illustrates example operations 600 that may be
performed by a victim evolved node B (eNB) in accordance
with certain aspects of the disclosure. The operations 600
may begin, at 602, by receiving information regarding pre-
scheduling decisions from a first base station (BS) at a second
base station. At 604, scheduling decisions may be made at the
second BS based at least on the received pre-scheduling deci-
sions to coordinate transmissions from the second BS with
transmissions from the first BS.

Those of skill in the art would understand that information
and signals may be represented using any of a variety of
different technologies and techniques. For example, data,
instructions, commands, information, signals, bits, symbols
and chips that may be referenced throughout the above
description may be represented by voltages, currents, elec-
tromagnetic waves, magnetic fields or particles, optical fields
or particles, or any combination thereof.

Those of skill would further appreciate that the various
illustrative logical blocks, modules, circuits and algorithm
steps described in connection with the disclosure herein may
be implemented as electronic hardware, computer software,
or combinations of both. To clearly illustrate this interchange-
ability of hardware and software, various illustrative compo-
nents, blocks, modules, circuits and steps have been
described above generally in terms of their functionality.

10

15

20

25

30

35

40

45

50

55

60

65

14

Whether such functionality is implemented as hardware or
software depends upon the particular application and design
constraints imposed on the overall system. Skilled artisans
may implement the described functionality in varying ways
for each particular application, but such implementation deci-
sions should not be interpreted as causing a departure from
the scope of the present disclosure.

The various illustrative logical blocks, modules, and cir-
cuits described in connection with the disclosure herein may
be implemented or performed with a general-purpose proces-
sor, a digital signal processor (DSP), an application specific
integrated circuit (ASIC), a field programmable gate array
(FPGA) or other programmable logic device, discrete gate or
transistor logic, discrete hardware components or any com-
bination thereof designed to perform the functions described
herein. A general-purpose processor may be a microproces-
sor, but in the alternative, the processor may be any conven-
tional processor, controller, microcontroller or state machine.
A processor may also be implemented as a combination of
computing devices, e.g., a combination of a DSP and a micro-
processor, a plurality of microprocessors, one or more micro-
processors in conjunction with a DSP core, or any other such
configuration.

The steps of a method or algorithm described in connection
with the disclosure herein may be embodied directly in hard-
ware, in a software module executed by a processor, or in a
combination of the two. A software module may reside in
RAM memory, flash memory, ROM memory, EPROM
memory, EEPROM memory, registers, hard disk, a remov-
able disk, a CD-ROM or any other form of storage medium
known in the art. An exemplary storage medium is coupled to
the processor such that the processor can read information
from, and/or write information to, the storage medium. In the
alternative, the storage medium may be integral to the pro-
cessor. The processor and the storage medium may reside in
an ASIC. The ASIC may reside in a user terminal. In the
alternative, the processor and the storage medium may reside
as discrete components in a user terminal Generally, where
there are operations illustrated in Figures, those operations
may have corresponding counterpart means-plus-function
components with similar numbering.

In one or more exemplary designs, the functions described
may be implemented in hardware, software, firmware or any
combination thereof. If implemented in software, the func-
tions may be stored on or transmitted over as one or more
instructions or code on a computer-readable medium. Com-
puter-readable media includes both computer storage media
and communication media including any medium that facili-
tates transfer of a computer program from one place to
another. A storage media may be any available media that can
be accessed by a general purpose or special purpose com-
puter. By way of example, and not limitation, such computer-
readable media can comprise RAM, ROM, EEPROM, CD-
ROM or other optical disk storage, magnetic disk storage or
other magnetic storage devices, or any other medium that can
be used to carry or store desired program code means in the
form of instructions or data structures and that can be
accessed by a general-purpose or special-purpose computer,
or a general-purpose or special-purpose processor. Also, any
connection is properly termed a computer-readable medium.
For example, if the software is transmitted from a website,
server, or other remote source using a coaxial cable, fiber
optic cable, twisted pair, digital subscriber line (DSL), or
wireless technologies such as infrared, radio, and microwave,
then the coaxial cable, fiber optic cable, twisted pair, DSL, or
wireless technologies such as infrared, radio, and microwave
are included in the definition of medium. Disk and disc, as
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used herein, includes compact disc (CD), laser disc, optical
disc, digital versatile disc (DVD), floppy disk and blu-ray disc
where disks usually reproduce data magnetically, while discs
reproduce data optically with lasers. Combinations of the
above should also be included within the scope of computer-
readable media.

The previous description of the disclosure is provided to
enable any person skilled in the art to make or use the disclo-
sure. Various modifications to the disclosure will be readily
apparent to those skilled in the art, and the generic principles
defined herein may be applied to other variations without
departing from the spirit or scope of the disclosure. Thus, the
disclosure is not intended to be limited to the examples and
designs described herein, but is to be accorded the widest
scope consistent with the principles and novel features dis-
closed herein.

What is claimed is:

1. A method for wireless communication, by a first base
station (BS) comprising:

making pre-scheduling decisions, at the first BS, the pre-

scheduling decisions involving selection of at least one
of transmit beams or transmit power for subsequent
transmissions from the first BS; and
transmitting information regarding the pre-scheduling
decisions to at least one second BS for use in coordinat-
ing transmissions with transmissions from the first BS,

wherein the pre-scheduling decisions are constant across
sets of N consecutive physical resource blocks (PRBs),
wherein N is a PRB bundling size.

2. The method of claim 1, wherein the information regard-
ing the pre-scheduling decisions comprises the PRB bundling
size N.

3. The method of claim 1, wherein the first BS indepen-
dently decides the PRB bundling size N.

4. The method of claim 1, further comprising:

receiving information at the first BS from the at least one

second BS; and
selecting the PRB bundling size N at the first BS based on
the information received from the at least one second
BS,

wherein the information received from the at least one
second BS comprises at least one of active cooperative
multi-point (CoMP) user equipments (UEs) or an
expected interference estimation accuracy for the active
CoMP UEs.

5. The method of claim 1, wherein the first BS decides the
PRB bundling size N via negotiation with the at least one
second BS.

6. The method of claim 1, further comprising:

making scheduling decisions at the at least one second BS

based at least in part on the information regarding the
pre-scheduling decisions received from the first BS.

7. The method of claim 1, wherein the information regard-
ing the pre-scheduling decisions comprises at least one of a
downlink transmission power, a transmit beam, a transmis-
sion rank, and time-frequency resources these decisions refer
to.

8. The method of claim 1, wherein the information regard-
ing the pre-scheduling decisions is usable by the at least one
second BS to determine interference caused by the first BS to
user equipments (UEs) served by the at least one second BS.

9. The method of claim 1, further comprising:

receiving, at the first BS, channel state information (CSI)

from the at least one second BS reported by user equip-
ments (UEs) served by the at least one second BS.
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10. The method of claim 9, wherein the CSl is usable by the
first BS for determining an amount of interference caused by
the first BS to the UEs served by the at least one second BS.

11. The method of claim 1, wherein the information regard-
ing the pre-scheduling decisions comprises an indication of a
subset of time-frequency resources, and wherein standard
scheduling is carried out on a remaining subset of the time-
frequency resources.

12. The method of claim 1, wherein the information regard-
ing the pre-scheduling decisions comprises an indication of
cooperative multi-point (CoMP) resources and non-CoMP
resources.

13. The method of claim 1, wherein the information regard-
ing the pre-scheduling decisions is transmitted over a back-
haul link connecting the first and the at least one second BS.

14. The method of claim 1, further comprising:

defining configuration for a special beamformed reference

signal for use in interference estimation by user equip-
ments (UEs) associated to the at least one second BS.

15. The method of claim 14, wherein the information
regarding the pre-scheduling decisions comprises informa-
tion regarding the special beamformed reference signal.

16. The method of claim 1, wherein coordinating transmis-
sions with transmissions from the first BS comprises coordi-
nating beamformed transmissions with beamformed trans-
missions from the first BS.

17. A method for wireless communication by a first base
station (BS) comprising:

making pre-scheduling decisions, at the first BS, the pre-

scheduling decisions involving selection of at least one
of transmit beams or transmit power for subsequent
transmissions from the first BS;

transmitting information regarding the pre-scheduling

decisions to at least one second BS for use in coordinat-
ing transmissions with transmissions from the first BS;
and

exchanging information with the at least one second BS to

select a configuration for Channel State Information-
Reference Signal (CSI-RS) for the first BS that is differ-
ent from the CSI-RS configuration used by the at least
one second BS.

18. The method of claim 17, wherein the exchanged infor-
mation comprises information regarding presence or absence
of cooperative multi-point (CoMP) user equipments (UEs)
and Reference Signal Received Power (RSRP) reported by
the CoMP UEs from non-serving cells.

19. The method of claim 17, wherein the CSI-RS configu-
ration comprises a muted CSI-RS configuration.

20. The method of claim 19, wherein selecting the CSI-RS
configuration for the first BS different from the CSI-RS con-
figuration used by the at least one second BS comprises
selecting a muted CSI-RS configuration that mutes on
resources different from the resources on which a muted
CSI-RS configuration of the at least one second BS mutes.

21. An apparatus for wireless communication, comprising:

at least one processor configured to:

make pre-scheduling decisions involving selection of at
least one of transmit beams or transmit power for
subsequent transmissions from a first BS; and

transmit information regarding the pre-scheduling deci-
sions to at least one second BS for use in coordinating
transmissions with transmissions from the first BS,

wherein the pre-scheduling decisions are constant
across sets of N consecutive physical resource blocks
(PRBs), wherein N is a PRB bundling size, and

a memory coupled to the at least one processor.
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22. The apparatus of claim 21, wherein the first BS decides
the PRB bundling size via negotiation with the second BS.
23. The apparatus of claim 21, wherein coordinating trans-
missions with transmissions from the first BS comprises
coordinating beamformed transmissions with beamformed
transmissions from the first BS.
24. An apparatus for wireless communication, comprising:
at least one processor configured to:
make pre-scheduling decisions involving selection of at
least one of transmit beams or transmit power for
subsequent transmissions from a first BS;
transmit information regarding the pre-scheduling deci-
sions to at least one second BS for use in coordinating
transmissions with transmissions from the first BS;
and
exchange information with the at least one second BS to
select a configuration for Channel State Information-
Reference Signal (CSI-RS) for the first BS that is
different from the CSI-RS configuration used by the
at least one second BS; and
a memory coupled to the at least one processor.
25. A method for wireless communication, comprising:
receiving information regarding pre-scheduling decisions
from a first base station (BS) at a second BS; and

making scheduling decisions at the second BS based at
least on the received information to coordinate transmis-
sions from the second BS with transmissions from the
first BS,

wherein the pre-scheduling decisions are constant across

sets of N consecutive physical resource blocks (PRBs),
wherein N is a PRB bundling size.

26. The method of claim 25, further comprising:

making scheduling decisions at the second BS based on

Channel State Information (CSI) reported by at least one
UE.

27. The method of claim 25, wherein the information
regarding the pre-scheduling decisions comprises the PRB
bundling size N.

28. The method of claim 25, wherein the first BS indepen-
dently decides the PRB bundling size N.

29. The method of claim 25, further comprising:

transmitting information to the first BS from the second

BS, the information comprising at least one of active
cooperative multi-point (CoMP) UEs or an expected
interference estimation accuracy for the active CoMP
UEs,

wherein the first BS selects the PRB bundling size N based

on the information received from the second BS.

30. The method of claim 25, wherein the first BS decided
the PRB bundling size N via negotiation with the second BS.

31. The method of claim 25, wherein the information
regarding the pre-scheduling decisions comprises at least one
of'a downlink transmission power, a transmit beam, a trans-
mission rank, or time-frequency resources these decisions
refer to.

32. The method of claim 25, wherein the information
regarding the pre-scheduling decisions is usable by the sec-
ond BS to determine interference caused by the first BS to at
least one UE served by the second BS.

33. The method of claim 25, further comprising:

receiving at the second BS channel state information (CSI)

reported by at least one UE; and

transmitting the CSI of the at least one UE to the first BS

from the second BS.

34. The method of claim 33, wherein the CSI is usable by
the first BS for determining an amount of interference caused
by the first BS to the at least one UE.
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35. The method of claim 25, wherein the information
regarding the pre-scheduling decisions comprises an indica-
tion of a subset of time-frequency resources, and wherein
standard scheduling is carried out on a remaining subset of the
time-frequency resources.

36. The method of claim 25, wherein the information
regarding the pre-scheduling decisions comprises an indica-
tion of cooperative multi-point (CoMP) resources and non-
CoMP resources.

37. The method of claim 25, wherein the information
regarding the pre-scheduling decisions is received over a
backhaul link connecting the first and the second base sta-
tions.

38. The method of claim 25, wherein the information
regarding the pre-scheduling decisions comprises configura-
tion for a special beamformed reference signal for use in
interference estimation by user equipments (UEs) associated
to the second BS.

39. The method of claim 25, wherein coordinating trans-
missions from the second BS with transmissions from the first
BS comprises coordinating beamformed transmissions from
the second BS with beamformed transmissions from the first
BS.

40. A method for wireless communication, comprising:

receiving information regarding pre-scheduling decisions

from a first base station (BS) at a second BS;

making scheduling decisions at the second BS based at

least on the received information to coordinate transmis-
sions from the second BS with transmissions from the
first BS; and

exchanging information with the first BS to select a con-

figuration for Channel State Information-Reference Sig-
nal (CSI-RS) for the second BS that is different from the
CSI-RS configuration used by the first BS.

41. The method of claim 40, wherein the exchanged infor-
mation comprises information regarding presence or absence
of cooperative multi-point (CoMP) user equipments (UEs)
and Reference Signal Received Power (RSRP) reported by
the CoMP UEs from non-serving cells.

42. The method of claim 40, wherein the CSI-RS configu-
ration comprises a muted CSI-RS configuration.

43. The method of claim 42, wherein selecting the CSI-RS
configuration for the second BS different from the CSI-RS
configuration used by the first BS comprises selecting a
muted CSI-RS configuration that mutes on resources differ-
ent from the resources on which a muted CSI-RS configura-
tion of the first BS mutes.

44. An apparatus for wireless communication, comprising:

at least one processor configured to:

receive information regarding pre-scheduling decisions
from a first base station (BS) at a second BS;

make scheduling decisions at the second BS based at
least on the received information to coordinate trans-
missions from the second BS with transmissions from
the first BS; and

exchange information with the first BS to select a con-
figuration for Channel State Information-Reference
Signal (CSI-RS) for the second BS that is different
from the CSI-RS configuration used by the first BS;
and

a memory coupled to the at least one processor.

45. An apparatus for wireless communication, comprising:

at least one processor configured to:

receive information regarding pre-scheduling decisions
from a first base station (BS) at a second BS; and
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make scheduling decisions at the second BS based at
least on the received information to coordinate trans-
missions from the second BS with transmissions from
the first BS,
wherein the pre-scheduling decisions are constant
across sets of N consecutive physical resource blocks
(PRBs), wherein N is a PRB bundling size, and
a memory coupled to the at least one processor.
46. The apparatus of claim 45,
wherein the at least one processor is configured to make
scheduling decisions at the second BS based on Channel
State Information (CSI) reported by at least one UE.
47. The apparatus of claim 45, wherein the first BS decided
its PRB bundling size via negotiation with the second BS.
48. The apparatus of claim 45, wherein coordinating trans-
missions from the second BS with transmissions from the first
BS comprises coordinating beamformed transmissions from
the second BS with beamformed transmissions from the first
BS.
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